This study evaluated the effect of restorative protocol with sodium ascorbate on the shear bond strength (SBS) of a universal adhesive to intracoronal bleached dentin. One hundred-and-twenty bovine dentin fragments were randomly divided into 12 groups (n=10), according to the bleaching procedure (unbleached and bleached) and restorative protocol (no treatment, 10% sodium ascorbate -10SA, 35% sodium ascorbate -35SA and two-step etch-and-rinse -ER or one-step self-etch -SE Scotchbond universal adhesive approaches). Four whitening sessions were performed using 35% hydrogen peroxide. The samples from control groups were kept in relative humidity at 37 °C. Immediately after bleaching procedures, the assigned antioxidant solution was applied on dentin and restorative procedures were performed following either the ER or the SE approach. After 24 h, the specimens were subjected to SBS test. Data (MPa) were analyzed by ANOVA and Tukey's test (α=0.05). Lower SBS values were found for bleached specimens (8.54 MPa) compared with those unbleached (12.13 MPa) (p<0.05). The bond strength of the sodium ascorbate-treated groups was higher than those untreated, regardless of the strategy employed (p<0.05). Groups restored without sodium ascorbate showed lower bond strength values for both ER (8.32 MPa) and SE (8.28 MPa) adhesive strategies. The group treated with 10SA submitted to ER approach (10.14 MPa) was similar to untreated groups (p>0.05). It may be concluded that bond strength of composite resin to intracoronal dentin was affected by restorative protocol and reduced by bleaching.
Introduction
The color change of endodontically treated teeth is a fairly common condition in the dental clinic. Many therapies have been proposed aiming to restore aesthetics to discolored teeth. Among them, tooth whitening with hydrogen peroxide-based agents has been pointed out as an effective and more conservative method, compared to invasive interventions like prosthetic crowns, indirect veneers or even direct composite resin restorations (1) , which involve wear of tooth structure to achieve satisfactory aesthetics.
Since the catalysis of most bleaching agents produces hydrogen peroxide, this is the main chemical responsible for the process (2) . In bleaching procedure, reactive oxygen from hydrogen peroxide diffuses through the dentinal tubules and oxides the pigments, which absorb less light (3) .
Placement of an adhesive restoration in the coronal access after completion of internal bleaching protects the endodontic treatment (4) and prevents microleakage (5) . The quality of coronal restoration and endodontic treatment are equally important and they are strong independent predictors of the periapical status (4) . However, reduced bond strength has been associated to bleached teeth (6) , which can lead to early failure of the coronal restoration.
In order to minimize this problem, a waiting time between bleaching procedure and restorative treatment has been proposed (6) . However, waiting to perform definitive restoration in non-vital bleached teeth is a critical condition, since these teeth present considerable structural loss and the additional bleaching procedure promotes changes in dentin organic content (7) turning them more susceptible to fracture (8) . Moreover, endodontically treated teeth, submitted to bleaching and sealed with provisional restoration present higher fracture rates, but they return to normal after definitive restoration with composite resin (8) .
Thus, seeking alternatives that can allow immediate restoration of endodontically treated teeth subjected to bleaching appears to be quite important. Studies have reported use of antioxidants such as sodium ascorbate, in order to enable immediate restoration of teeth subjected to bleaching. Evaluation of 10% sodium ascorbate application in dentin submitted to bleaching with 35% hydrogen peroxide is scarce and contradictory.
Although Kaya and Türkün (9) demonstrated improved adhesion between composite resin and bleached dentin after application of 10% sodium ascorbate, Briso et al. (10) failed to show enhanced bond strength when the adhesive protocol was performed immediately after bleaching. Additionally, it was shown that sodium ascorbate concentration should be proportional to the one used for bleaching (11) . In other words, when hydrogen peroxide is used at 35%, similar concentration of sodium ascorbate must be employed for effective removal of oxygen from the dental tissue (2, 11) . Nevertheless, little is known about immediate bond strength of composite resin to bleached dentin subjected to the application of 35% sodium ascorbate.
Currently, the evolution of dental adhesive technology has become widespread and seeks to promote simplification of the technique associated with an effective and durable bonding (12) , both in enamel and dentin.
Universal or multi-mode adhesive systems were introduced in Dentistry in order to allow that the same monomer solution be used for 2-step etch-and-rinse (ER) and single-step self-etch (SE) adhesive approaches. According to the manufacturers, these products can be used reliably in selective-enamel etch mode, in total-etch strategy to dentin and enamel or in self-etch mode to dentin, making them more attractive to the clinician and reducing the sensitivity of the application technique (13) .
At this point, it is not clear whether these materials are effective for adhesion of composite resin to bleached dentin, combined or not with sodium ascorbate. The null hypothesis was that there would be no significant differences in bond strength of the bleached and unbleached dentin, independent of the surface treatment and the used universal adhesive approach.
Material and Methods
Prior to conducting the experiment, a pilot study was carried out to obtain the mean and standard deviation of the groups, aiming to calculate the sample size. The parameters for this calculation were: 0.05 significance level and 0.8 for the power test, using G*Power 3.1 statistical power analysis software (Heinrich Heine University, Düsseldorf, Germany) .
Sixty bovine incisors, stored in 0.1% thymol at 4 ºC, were selected and examined by stereomicroscopy (Leica Microsystems GmbH, Wetzlar, Germany) with 20× magnification to discard those with fractures or cracks in the crown. All teeth were sectioned on the cement-enamel junction with a diamond disk (15HC, Buehler, Lake Bluff, IL, USA) using a sectioning machine (Isomet 1000; Buehler). Each crown produced two quadrangular intracoronal dentin slabs measuring 5x5 mm, 120 specimens in all.
The slabs were individually embedded in polyester resin (TDV, São Paulo, SP, Brazil) using polyvinyl chloride (PVC) cylinders (2.0 cm diameter and 1.5 cm high), with the intracoronal dentin surfaces facing upwards. After resin polymerization, the specimens were planned and ground with a water-cooled polishing machine (Phoenix β, Buehler) using 180, 400, 600 and 1200-grit Al 2 O 3 papers.
The specimens were randomly assigned to 12 groups (n=10): I-unbleached + no treatment + ER, II-unbleached + no treatment + SE, III-unbleached + 10% sodium ascorbate + ER, IV-unbleached + 10% sodium ascorbate + SE, Vunbleached + 35% sodium ascorbate + ER, VI-unbleached + 35% sodium ascorbate + SE, VII-bleached + no treatment + ER, VIII-bleached + no treatment + SE, IX-bleached + 10% sodium ascorbate + ER, X-bleached + 10% sodium ascorbate + SE, XI-bleached + 35% sodium ascorbate + ER, XII-bleached + 35% sodium ascorbate + SE. Material composition and manufacturers are summarized in Table 1 .
Specimens from the bleached groups were subjected to four whitening sessions, using 35% hydrogen peroxide (Whiteness HP Maxx, FGM Produtos Odontológicos Ltda, Joinvile, SC, Brazil). A layer about 1.0 mm thick (0.2 g) of bleaching agent was applied on dentin surface for 15 min and after this the surface was washed with 5 mL distilled water. Three applications of the bleaching product were made in each session, as described above. After each bleaching session, specimens were kept in relative humidity at 37 °C for seven days, until next session. Slabs from the groups treated with sodium ascorbate (Bioquanti, Ribeirão Preto, SP, Brazil), regardless their concentration, had the respective antioxidant solution applied on dentin surface immediately after the bleaching procedure. An aliquot of 600 µL ascorbate solution was dropped on dentin for 1 min under agitation with a microbrush. Afterwards, the surface was washed with water and another application of sodium ascorbate was made as previously described. The specimens were rinsed with distilled water and bonding procedures were performed immediately. Specimens from control groups were kept in relative humidity at 37 °C.
Specimens from groups in which universal adhesive was applied with 2-step etch-and-rinse strategy were etched with 35% phosphoric acid (3M/ESPE, St Paul, MN, USA) for 15 s, washed with distilled water for 15 s and dried with absorbing paper.
All specimens received two layers of Scotchbond Universal adhesive (3M Deutschland GmbH, Seefeld, Germany), followed by an air spray and then were lightcured for 10 s using a photo-curing unit (Radii Plus, SDI North America Inc., Bensenville, IL, USA) according to the manufacturer's instructions.
Specimens were restored with Z-250 composite resin (3M/ESPE) using a stabilized split Teflon mold (3 mm inner diameter, 4 mm high), in order to obtain restorative material cylinders with the above described measurements.
After 24-hour water storage at 37 °C, the specimens were fixed in the universal testing machine (MEM-2000, EMIC, São José dos Pinhais, PR, Brazil) and tested with a 500 N load cell at a speed of 0.5 mm/min until failure. A schematic illustration presenting the experimental design of the shear bond strength test is shown in Figure 1 .
The fractured specimens were observed with 80× magnification using a stereomicroscope (Leica S6D Stereozoom, Leica Mycrosystems AG, Switzerland) to assess the failure modes, which were classified as adhesive if occurred at the substrate/adhesive interface, cohesive if occurred in the material or the substrate and mixed if involved both the interface and material (Fig. 2) .
Data obtained in shear bond test were submitted to statistical analysis. After checking homoscedasticity Figure 1 : Schematic illustration. The roots were removed from bovine incisors (A), crowns (B) were sectioned into 5x5 mm specimens (C), which were included into acrylic resin and ground to plane intracoronal dentin (D). Sixty specimens were subjected to bleaching procedure and the other 60 were maintained in relative humidity (E). Immediately after bleaching, specimens were treated with SA (F) and the bonding procedures were performed after either ER or SE approaches (G). Next, the resin composite restorations were made (H) and the specimens were loaded in tension (I). 
Results
Triple interaction, interaction between surface treatment and bleaching, and interaction between adhesive approaches and bleaching were not significant (p>0.05). Interaction between surface treatment and adhesive strategies was statistically significant (p<0.05). Groups restored without sodium ascorbate showed lower bond strength values for both ER (8.32 MPa) and SE (8.28 MPa) adhesive strategies (p>0.05). The bond strength of the sodium ascorbate-treated groups was higher than those untreated, regardless the employed strategy (p<0.05). The group treated with 10SA submitted to ER approach (10.14 MPa) was similar to the untreated group (p>0.05). The shear bond strength means according to restorative protocols are in Table 2 . Significant effects were found for bleaching (p<0.05). Lower shear bond strength values were found for bleached specimens (8.54 MPa) compared with the unbleached (12.13 MPa) (p<0.05).
The analysis of failure after the shear bond test revealed that the adhesive failure mode was predominantly observed in the bleached specimens. Unbleached groups showed homogeneous distribution of failure modes. Figure 2 shows the fracture pattern distribution of the specimens.
Discussion
Various mechanical test methods, such as shear and tensile bond strength tests have been commonly used to evaluate bonding of dental adhesives to enamel and dentin (14) . Among the used tests, each of them has both advantages and limitations. Shear bond strength tests have been widely employed, mainly because of their relative simplicity if compared with microtensile bond strength tests, which employ specimens with a smaller bonding area aiming to decrease no uniform stress distribution at the adhesive interface (15) . In the shear bond test, stresses may be mostly concentrated in the dentin or composite resin, leading them to fail before the adhesive interface itself (15) . However, despite the shear technique producing lower bond strength values than the microtensile test, both results are highly correlated and they provide similar values of bond strength between adhesive system and dentin (14) .
Based on the results of this study, bleaching had a significant effect on the immediate bond strength between composite resin and intracoronal dentin. Bleaching procedure makes the hybrid layer between resin monomers and collagen fibrils more instable and it has been associated to decrease in bond strength between composite resin and dentin. When the adhesive procedures were conducted immediately after bleaching, the reactive oxygen, a highly reactive chemical in the dentin structure after bleaching, hinders penetration and inhibits the polymerization of the adhesive system and reduces the strength of the interface formed between the dentin and restorative material (6) . Additionally, a reduced hybrid layer and resin tag formation was reported when the adhesive procedures were performed on bleached dentin (10) . Besides the effect of the reactive oxygen radicals in the dentin tubules, 
Immediate bonding to bleached dentin
bleaching agents may change the organic dentin matrix (16) , compromising diffusion of the adhesive system through the interfibrillar spaces into the collagen network, since an effective dentin bonding depends on the structural integrity of fibrillar type I collagen (17) . These facts could explain the predominance of adhesive fracture pattern in the bleached groups in this study. Adhesion to dentinal substrate is generally very difficult due to its organic, hydrophilic and structural nature (18) . Additionally, the composition, structure and morphology vary from superficial to deep dentin (19) , where there are fewer collagen fibrils (20) and a higher number of tubules, which increase dentin wetness, making adhesion to deeper dentin more difficult than to superficial dentin (21) .
Since the effectiveness of the adhesion to dentin depends on the structural stability of the hybrid layer formed between resin monomers and collagen network (22) , some strategies have been proposed aiming to improve adhesion.
In the present study the use of sodium ascorbate, regardless its concentration was able to enhance the immediate bond strength between composite resin and intracoronal dentin. Sodium ascorbate presents low toxicity and has a neutral pH (approximately 7), being appropriate for use on dental structures without producing undesirable damages (23) . The reaction between SA and oxygen into dentin peaks within 1 min and thereafter the reaction reduces considerably (2) . Therefore, in this study, sodium ascorbate at both concentrations was applied with two applications for one minute each (11, 24) . Additionally, the SA in solution form was chosen to conduct this study. Other authors (25) found that both hydrogel and solution forms of sodium ascorbate may equally improve the reduced bond strength of resin composite to dental tissue subsequent to a bleaching procedure.
Sodium ascorbate reacts with free radicals, such as oxygen generated by the degradation of hydrogen peroxide during bleaching, neutralizing them in the structure where they are entrapped (9) . Additionally, SA acts in the synthesis of hydroxyproline and hydroxylysine in collagen, stabilizing the collagen triple helix, improving the formation of intermolecular cross-links in collagen (21) , which enhances the bond strength and its durability.
According to Kaya and Turkun (9) , 10% sodium ascorbate improved immediate bond strength between composite resin and bleached dentin, which is in agreement with results obtained in this study. Antioxidant solutions, in both studies, were shaken on the dentin surface. Briso et al. (10) used 10% sodium ascorbate in a passive manner for 10 min and have failed to show improved bonding between restorative material and dentin. Stirring the sodium ascorbate may have favored the removal of oxygen.
In another study (24) , 35% sodium ascorbate was not able to increase bond strength, which disagrees with the results obtained in this study. Some considerations should be made when comparing these studies. In the current study, four bleaching sessions were conducted with 3 applications of 15 min each with 7-day intervals between them, simulating the in-office bleaching technique. Instead, Hansen et al. (24) employed 35% hydrogen peroxide for 7 consecutive days, simulating the walking-bleaching technique. Since diffusion of the bleaching agent is proportional to the exposure time (3), this fact could explain the divergent results.
The Universal adhesives have been developed aiming to facilitate the bonding technique and to improve the adhesion to dental substrates under different clinical conditions. During the procedure of selective acid etching on enamel, which is still recommended for the Universal adhesives, accidental etching of dentin may occur (12) . However, in order to confirm the possibility of the "universal adhesion", the different etching approaches should not interfere in the bond strength (12) . In this study, in dentin substrate not treated with sodium ascorbate or treated with 35% sodium ascorbate, phosphoric acid did not affect the adhesive strength. Some previous studies (12, 13, 26) found that the etching step prior to application of the Scotchbond universal adhesive did not interfere with immediate bond strength. The Scotchbond Universal presents MDP in its composition which has been shown to bond ionically to hydroxyapatite by nano-layering (27) , making it less susceptible to the presence or absence of moisture. According to the manufacturer, another compound of Scotchbond Universal, the methacrylatemodified polyalkenoic acid copolymer, incorporated into the adhesive along with optimized ratios of HEMA and water, provides for a more consistent bond performance to dentin under wet and dry conditions.
Although the immediate bond strength did not decrease initially, studies that evaluated longevity of bonding of universal adhesives to dentin in different etching modes showed that SE approach showed more stable bonds even after long-term water storage (26) . The adhesive interface resulting from etch-and-rinse approach appeared to be ultra-structurally more vulnerable to biodegradation (28) . Further studies are required to evaluate longevity of bond strength between universal adhesives and bleached dentin treated with sodium ascorbate over time.
Resumo
Este estudo avaliou o efeito do protocolo restaurador empregando ascorbato de sódio na resistência ao cisalhamento do adesivo universal à dentina intracoronária clareada. Cento e vinte fragmentos de dentina bovina foram aleatoriamente divididos em doze grupos (n=10), de acordo com o procedimento clareador (clareados e não clareados) e protocolo
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restaurador (sem tratamento, ascorbato de sódio 10% (10AS), ascorbato de sódio (35AS) e estratégia de condicionamento total de dois passos (ER) ou estratégia autocondicionante de um passo (SE) com o sistema adesivo Scotchbond universal. Quatro sessões de clareamento foram realizadas empregando peróxido de hidrogênio a 35%. Os espécimes do grupo controle foram mantidos em umidade relativa a 37 °C. Imediatamente após os procedimentos de clareamento, as soluções antioxidantes selecionadas foram empregadas na dentina e os procedimentos restauradores foram realizados seguindo as estratégias ER ou SE. Após 24 h, os espécimes foram submetidos ao teste de resistência ao cisalhamento. Os dados (MPa) foram analisados pela ANOVA e teste de Tukey (α=0,05). Os menores valores de resistência ao cisalhamento foram encontrados para os espécimes clareados (8, 54 MPa) comparados com aqueles não clareados (12,13 MPa) (p<0,05). A resistência de união dos grupos tratados com ascorbato de sódio foi maior que aqueles não tratados (p<0,05), independentemente da estratégia empregada. Grupos restaurados sem ascorbato de sódio demonstraram menores valores de resistência de união para ambas as estratégias adesivas ER (8, 32 MPa) e SE (8,28 MPa) (p<0,05). O grupo tratado com ascorbato de sódio a 10% submetido à estratégia ER (10,14 MPa) foi similar ao não tratado (p>0,05). Pode ser concluído que a resistência de união da resina composta à dentina intracoronária foi afetada pelo protocolo restaurador e reduzida pelo clareamento.
